Optical coherence angiography (OCA) enables visualisation of three-dimensional micro-vasculature from optical coherence tomography data volumes. Typically, various statistical methods are used to discriminate static tissue from blood flow within vessels. In this paper, we introduce a new method that relies upon the beating heart frequency to isolate blood vessels from the surrounding tissue. Vascular blood flow is assumed to be more strongly modulated by the heart-beat compared to surrounding tissue and therefore short-time Fourier transform of sequential measurements can discriminate the two. Furthermore, it is demonstrated that adjacent B-Scans within an OCT data volume can provide the required sampling frequency. As such, the technique can be considered to be a spatially mapped variation of photoplethysmography (PPG), whereby each image voxel operates as a PPG detector. This principle is demonstrated using both a model system and in vivo for monitoring the vascular changes effected by traumatic brain injury in mice. In vivo measurements were acquired at an A-Scan rate of 10kHz to form a 500x500x512 (lateral x lateral x axial) pixel volume, enabling sequential sampling of the mouse heart rate in an expected range of 300-600 bpm. One of the advantages of this new OCA processing method is that it can be used in conjunction with existing algorithms as an additional filter for signal to noise enhancement.
INTRODUCTION
Cellular function of complex organisms requires a mechanism for the distribution of nutrients and the removal of waste. This is achieved through the circulatory system, comprising a network of blood vessels and heart muscle. The heart muscle provides a periodic pressure increase, whilst arteriole blood vessels actively ensure that sufficient pressure drop exists to maintain blood flow. Capillaries distribute blood to within close proximity of cells at a sufficiently low flow velocity such that diffusion can take over. Therefore, the microvasculature is of critical importance, whether in wound healing, neuroscience, ophthalmology or chronic inflammation. Consequently, three-dimensional micro-angiography techniques such as optical coherence angiography (OCA) have become important tools for life sciences research. A number of these techniques and applications have recently been reviewed [1] [2] [3] [4] , with convincing results demonstrated. Nevertheless, there can be a trade-off between acquisition speed and signal to noise ratio (SNR), with spatial oversampling and averaging not being uncommon in the literature. However, as potential clinical applications emerge, it would be desirable to increase the SNR without necessarily introducing an acquisition speed penalty.
One technique for detecting noisy signals is lock-in amplification, whereby a known modulation is applied to a signal to facilitate its recovery. This principle has been exploited by photoplethysmography (PPG) 5 , which has become an established clinical technique for measuring blood volume changes in skin microvasculature. In PPG, a single photodetector measures a heart-beat modulated change in scattered light intensity that occurs due to a change in local red blood cell density. OCT is also sensitive to scattered light and therefore each OCT pixel should be able to act as a PPG detector, with scattering modulation being greater in blood vessels compared to static tissue. Therefore, the aim of this study was to investigate whether OCT voxels could detect modulated flow and map associated vessels.
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